Introduction
Opioid analgesic drugs activate receptors in the gastrointestinal (GI) tract, slowing GI transit and leading to opioid-induced constipation (OIC).
1,2 OIC is caused largely by activation of enteric µ-opioid receptors resulting in decreased neurotransmitter release that alters GI function leading to impairment of motility and water resorption. [3] [4] [5] [6] It is consistently reported to be the most common and undesirable GI side effect in patients receiving opioids for chronic noncancer pain, with treatment duration being a major risk factor for development. [7] [8] [9] While over-the-counter laxatives are usually the first-line treatment for OIC, they do not address the underlying pathophysiology and may themselves cause side effects. 5, 7, 8, 10, 11 Methylnaltrexone (Relistor ® ; Salix Pharmaceuticals, a division of Valeant Pharmaceuticals North America LLC, Bridgewater, NJ, USA) tablets and subcutaneous (SC) injection are approved for the treatment of OIC in adults with chronic noncancer pain, including patients with chronic pain related to prior cancer or its treatment who do not require frequent (eg, weekly) opioid dosage escalation. 12 The efficacy and safety of SC-administered methylnaltrexone for the treatment of OIC have previously been demonstrated in patients with advanced illness receiving palliative care and in patients with chronic noncancer pain. [13] [14] [15] [16] The efficacy and safety of the oral formulation were demonstrated for the treatment of OIC in patients with chronic noncancer pain, 17 and this formulation received US Food and Drug Administration approval for this indication in July 2016. 12 Several oral pharmacologic therapies are currently available for the treatment of OIC in patients with chronic noncancer pain that act specifically on GI receptors including lubiprostone (a chloride channel activator) and naloxegol and methylnaltrexone (both µ-opioid receptor antagonists). 12, 18, 19 Naloxegol is a specific µ-opioid receptor antagonist that, when administered at recommended dosing, antagonizes the µ-receptor in the GI tract, thereby decreasing the constipating effects of opioids. 20 Methylnaltrexone is also a µ-opioid receptor antagonist; however, it has been developed as a quaternary amine, which restricts its ability to cross the blood-brain barrier based on its chemical structure, allowing this agent to effectively reduce the symptoms of OIC without affecting the analgesic effects of opioid medications. 12, 21, 22 Because of the variable effects of pharmacologic therapies for the treatment of OIC in patients receiving methadone, 18, 19 the present study reports on a post hoc analysis from the pivotal Phase 3 clinical trial of oral methylnaltrexone in patients with chronic noncancer pain and OIC to determine the efficacy and safety of methylnaltrexone in a subset of patients concomitantly receiving methadone.
Patients and methods study description
This post hoc analysis of a Phase 3, randomized, placebocontrolled, double-blind trial was conducted at 117 sites in the US between September 2010 and November 2011 to evaluate the efficacy and safety of oral methylnaltrexone for OIC in a subgroup of patients receiving methadone for the treatment of their chronic noncancer pain (ClinicalTrials.gov identifier: NCT01186770). 17 The study protocol and informed consent form were reviewed and approved by applicable institutional review boards ( 
Patients Key inclusion criteria
Male and female outpatients ≥18 years of age with a documented history of chronic nonmalignant pain for ≥2 months and receiving ≥50 mg/day of oral morphine-equivalent doses for at least 14 days and a history of OIC were eligible for inclusion in the study. Patients were required to have had no history of chronic constipation before starting opioid therapy. OIC was confirmed during the 2-week screening period, defined as less than three rescue-free bowel movements (RFBMs) plus ≥1 of the following: ≥25% of RFBMs categorized as type 1 or type 2 on the Bristol Stool Form Scale; 23 straining during ≥25% of RFBMs or ≥25% of RFBMs with a sensation of incomplete evacuation. Patients were required to be taking laxative therapy for ≥30 days and willing to discontinue all laxative therapy at the start of the screening period, except study-permitted rescue laxatives throughout the study. Patients who were not surgically sterile or were not postmenopausal were required to commit to the use of a medically acceptable method of birth control or sexual abstinence for the duration of the study, including 30 days after the last dose of study treatment.
Key exclusion criteria
Patients were excluded from the study if they had ever been treated with oral methylnaltrexone or SC methylnaltrexone in the previous 30 days. Additional criteria for exclusion included patients with a WHO performance status >2 and women who were pregnant or breastfeeding; a history of mechanical bowel obstruction or megacolon; fecal incontinence, rectal prolapse, fecal ostomy, inflammatory bowel 
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Oral methylnaltrexone and concomitant methadone for Oic disease, or other clinically significant GI disorders; rectal bleeding within 60 days of providing consent, which was not associated with hemorrhoids or fissures; the need for manual disimpaction or pelvic floor support techniques, including manual maneuvers, within 14 days before the screening visit; or the presence of rectal outlet obstruction or fecal impaction at screening visit. Additional exclusion criteria included a history of substance abuse in the past year; any unstable hepatic, renal, pulmonary, cardiovascular, ophthalmologic, neurologic, psychiatric, or any other medical condition that might have compromised the study or increased the risk of participation; a history or presence of symptomatic orthostatic hypotension or any other clinically significant abnormalities on screening physical examination, electrocardiogram, or laboratory tests; planned surgery during the study; a known allergy or other contraindication to opioids, opioid derivatives, or opioid antagonists; use of investigational treatments within 30 days before the screening visit; current treatment with partial opioid agonists or combination agonists/antagonists; or a urine drug screen negative for the presence of opioids.
study design and treatment
The study consisted of a 14-day screening period, a 28-day (4-week) period during which patients received treatment once daily (QD), a 56-day (8-week) period during which patients were administered treatment as needed (PRN), and a 14-day follow-up period. OIC was confirmed during the screening period. Patients were randomized to receive one of four treatment arms: placebo or oral methylnaltrexone at doses of 150, 300, or 450 mg QD. Patient treatment status was blinded to both the patient and the study staff. Oral bisacodyl tablets, up to three per day, were provided as rescue laxative treatment for patients who did not respond to active or placebo treatment, defined as no bowel movement for three consecutive days during the screening and treatment periods.
study assessments
The primary efficacy endpoint of the study was the mean percentage of dosing days that resulted in an RFBM within 4 hours of dosing during weeks 1-4 (QD period). Secondary endpoints included the time to first RFBM after the first dose of study treatment, the percentage of responders (defined as those patients who had ≥3 RFBMs/week, with an increase of ≥1 RFBM/week from baseline for at least 3 of the 4 weeks) during weeks 1-4 (QD period), and change in the weekly number of RFBMs from baseline during weeks 1-4 (QD period). Patients reported the date and time of all bowel movements, OIC symptom ratings, and rescue laxative use daily via telephone using an interactive voice response system.
safety assessments
Adverse events (AEs) were assessed during the entire treatment period, including the QD and PRN phases of the study.
statistical analysis
This post hoc analysis included patients in the intent-to-treat and safety populations who received concomitant methadone for the treatment of their chronic pain during the study. The intent-to-treat population included all randomized patients who took ≥1 dose of the study drug. The safety population included all randomized patients who took ≥1 dose of the study drug.
The percentage of dosing days that resulted in RFBMs was compared between the four treatment groups using an analysis of covariance model with randomized dose group as a fixed effect and analysis center (analysis center refers to pooled or clustered study centers) as a covariate. Timeto-event endpoints were estimated using the Kaplan-Meier method and compared using the log-rank test stratified by center. Analyses of responders were based on a logistic regression model with treatment as an effect and geographic region as a covariate. During the QD period, the change in weekly number of RFBMs from baseline was analyzed using an analysis of covariance model with treatment as an effect and geographic region and baseline values as covariates. AEs were coded using the Medical Dictionary for Regulatory Activities version 13.0. ) ; however, this improvement was not significant. Significant improvements were noted in the treatment groups as early as week 1 and were maintained through the PRN period ( Figure 1 ). Figure 2 summarizes the time to achieve a f irst RFBM for each treatment group and the placebo group. Although the time to achieve a first RFBM was shorter for patients treated with both oral methylnaltrexone 300 and 450 mg, only the 300 mg dose produced a statistically significant response compared with placebo (P=0.02). During the QD period, there was a greater percentage of responders in the oral methylnaltrexone 300 mg (60.0%) and 450 mg (67.7%) groups compared with the placebo (38.5%) group; however, these differences were not statistically significant (Figure 3 
Results Patients

safety
Oral methylnaltrexone was generally well tolerated. AEs reported in ≥8.0% of patients in any treatment group during the QD, PRN, and follow-up periods are summarized in Table  2 . The incidence of hyperhidrosis, a potential symptom of opioid withdrawal, was higher in the methylnaltrexone 150, 300, and 450 mg/day groups (9.1%, 10.0%, and 3.2%, respectively) compared with the placebo group (0%). Overall, two patients reporting concomitant methadone use discontinued from this study because of AEs: one patient treated with oral methylnaltrexone 300 mg/day discontinued because of upper abdominal pain and another patient treated with oral methylnaltrexone 450 mg/day discontinued because of vertigo.
Discussion
Opioid analgesics, such as methadone, administered to treat moderate-to-severe noncancer pain, bind to µ-opioid receptors in the gut decreasing motility and secretion of electrolytes and water, with the end result being constipation. 5 Previous studies have demonstrated that SC-injected methylnaltrexone is effective in relieving the symptoms of OIC in patients with advanced illness receiving palliative care and in patients with chronic noncancer pain. A recent Phase 3 study demonstrated the efficacy and safety of the oral formulation of methylnaltrexone with a significantly greater percentage of patients with chronic noncancer pain treated with oral methylnaltrexone 300 mg/day (24.6%; P=0.002) and 450 mg/day (27.4%; P<0.0001) experiencing an increase in mean percentage of dosing days that resulted in an RFBM within 4 hours of dosing during weeks 1-4 compared with patients receiving placebo (18.2%). 17 The present post hoc analysis of that Phase 3 study evaluated the efficacy and safety of oral methylnaltrexone in patients with chronic noncancer pain concomitantly receiving methadone. The results of the present post hoc analysis are similar to the Phase 3 results of the overall population, in that a significantly greater percentage of patients concomitantly receiving methadone and treated with oral methylnaltrexone 300 mg/day (33.6%; P<0.01) and 450 mg/day (38.2%; P<0.001) achieved the primary efficacy endpoint compared with patients receiving placebo (15.1%). The present results are also consistent with the efficacy results of a trial conducted in patients with methadone-induced constipation who experienced a laxation response after administration of intravenous methylnaltrexone and significantly improved oral-cecal transit times compared with patients receiving placebo (P<0.001) with no opioid withdrawals and no significant AEs. 24 Overall, in the post hoc analysis, the incidence of AEs was slightly higher in patients treated with oral methyl naltrexone over the entire study period (QD and PRN treatment periods) than in patients receiving placebo. In the primary Phase 3 results of the overall population, the incidence of AEs was assessed separately for the QD and PRN periods and was similar for patients treated with oral methylnaltrexone (range of 42.0%-45.3% of patients for the QD period and 38.8%-44.3% of patients for the PRN period) compared with those receiving placebo (44.3% of patients for the QD period and 43.0% of patients for the PRN period). 17 OIC is common in patients receiving opioid analgesics for chronic noncancer pain and can often be treated with oral agents including lubiprostone. 18, 19 However, previous studies have indicated that lubiprostone may have decreased efficacy in patients taking concomitant methadone. 18, 25, 26 In a post hoc subgroup analysis of two clinical trials, patients with chronic noncancer pain treated with lubiprostone and concomitantly receiving methadone had a lower spontaneous bowel movement response compared with patients treated with other opioid agonists. 26 Studies have demonstrated that treatment of OIC with methylnaltrexone does not affect opioid-mediated analgesia. 21, 24, 27 In a study by Webster et al, patients with chronic noncancer pain with OIC treated with SC methylnaltrexone experienced a stable median daily morphine-equivalent dose and pain intensity score and lacked any clinically meaningful central opioid withdrawal, indicating that methylnaltrexone does not reduce opioid-mediated analgesia or precipitate opioid withdrawal. 27 The results of this study are encouraging, although they may be limited by the small number of patients in each treatment group. The primary outcome of number of days with an RFBM was correlated with the dose of methylnaltrexone administered, as were the time to achieve a first RFBM and the percentage of responders in each treatment group. A larger study may have been able to differentiate between these doses.
Conclusion
Although the number of patients in this analysis was small, oral methylnaltrexone, particularly the 450 mg dose, was effective at treating OIC in patients taking concomitant methadone. In addition, this agent was well tolerated at all doses and few patients discontinued treatment during the study. 
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